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SUMMARY

F. Scheithauer

The effectof inclinationof the airstresmon the staticpressure
measuredby two essentiallysimilarservicepitot-statictubesand by
one of thesetubeswith threemodifiedorificearrangementshas been
determinedin flight. The originalorificeconfigurationconsistedof
four orificeson”the top of the tubewithint20° of the verticalaxis
and six on the bottomwithin*no of the verticalaxis. In au attempt
to ticreasethe rangeof tisensitivityof the tube to airstresminclina-
tion,this orificeconfigurationwas modifiedin three successivestages.
The best of the modifiedorificearrangementsinvolvedthe additionof
one orificeto the bottomof the the alongits centerlhe and the
enlargementof the two outermostorificeson the bottom. The testsof
this configurationwere conductedover an angle-of-attackrangeof -15°
to 45°, at Mach numbersfrom 0.20 to 0.68 and at Reynoldsnumbersfrom
O.9 x 105 to 2.7 x 105 (whereReynoldsnumberis based on the local
velocityand the diameterof the tube).

The resultsof the testsof the best of the orificearrsmgements
showedthat,for Mach numbersbetween0.20 and 0.68 and for Reynolds
numbersbetween0.9 x 105 and 1.4 x 105, the errorwill remainwithin
2 percentof the impactpzwsure ~ over an angle-of-attackrange

of -10°to 300.
9

At anglesof attackbetweenno and 45°, the static-pressureerror
increasesrapidlyand reachesvaluesas high as 15 percentof ~ at an

angleof attackof 45°. Becauseof the magnitudeof the errorsand the
fact that the staticpressureregisteredby the tube ticreasesabruptly
and erraticallyat someangleof attackwithinthis range,the useful-
ness of the lnibeis limitedto anglesof attackbelow-300.
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INTRODUCTION

NACA TN 3159

0

The NationsJ_AdvisoryCommitteefor Aeronauticshas been conducting
a seriesof investigationsto devisetotal-and static-pressuretubesof
the rigid (i.e.,nonswiveling)type,whichwouldremaininsensitiveto
inclinationof the atistresmover a wide rangeof angleof attackthrough-
out the mibsonicaud supersonicspeedranges. The resultsof wind-tunnel
testsof anuikr of total-pressuretubesat anglesof attackup to 45°
at both subsonicand supersonicspeedshave been reportedin references1
to 3.

The variationof static-pressureerrorwith angleof attackof a
servicepitot-statictubehavingfour orificeson the top and six on the
bottomof the tubehas been determinedfromwhd-tunnel testsat several
supersonicspeedsover an angle-of-attackrange of *7 (ref.4).

A similartube has sincebeen calibratedin flightover a rangeof
angleof attackof *45° at aMachnmiber of about0.2. On the basisof
the resultsof theseflighttests,the static-pressure-orificeconfigura-
tionwas modifiedand furthertestswere conductedover an angle-of-
attackrangeof -150to 45° at Ma@ nmbers frmu 0.20 to 0.68.

Thispaperpresentsthe resultsof the flighttestsof the tubes
with the originaland modifiedorificeconfigurations.

SYMEQLS

P localstaticpressureat locationof test tube

R staticpressureregisteredby test tube

Pr staticpressureregisteredby referencetube

4=Pt-P

H totalpressureof free stream b

impactpressureat locationof test tube,
(H - pt)moo

% 0.995

a angleof attackof ttie,deg

B angleof sideslipof tube,deg

M localMach nuniberat locationof test tube

*
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..

R Reynoldsnumber(basedon localvelocityand diemeterof laibe)

x longitudinalaxis of airplane

Y lateral axis of airplane

z verticalaxis of airplane

Subscripts:

a for a givenangleof attack
.

aFoO for zero angleof attack

mmRATus AND TESTS

Static-PressureTtibes

A sketchof the servicepitot-statictubeswhichwere testedduring
this investigationis presentedin figurel(a);the arrangementof the
static-pressureorificesaroundthe tubesis also shown;

TtibesA andB are the sane exceptfor the sizeof the static-pressure
orifices. Althoughthe tubeswere builtto the seineMilitaryspecifica-
tion (ref.5), theywere constructedby differentmanufacturers,a fact
which accountsfor the differencein orificesize. The Militaryspecifica-
tion caUs for an orificedismeterof 0.040* 0.005tich. The orifices
of tubeB (0.043inch)are,therefore,withinthe specifiedtolerance;
thoseof tubeA (0.047inch),whichare justone drillsize larger,are
slight~ over the limit.

The threemodificationswhichwere made to the orificeconfiguration
of tubeB are shownh figurel(b). The tubewas modifiedin three steps
by (1)the additionof one orificewith a diameterof 0.047inchto the
bottomof the tube alongits centerline and to the rear of the planeof
the originalorifices(tubeB-1),”(2)the enlargementof this orificeto
0.052inch in diameter(tubeB-2), and (3)the enlargementof the two
orificesat a radialpositionof 30° from the bottomto 0.052inch in
diameter(t&e B-3).

Testsof ‘IkibesA andB atlfachNumbersFrom O.20 to 0.24

For the initialtestsof tubesA and B and the modifiedorifice
arrangementsof tubeB, _&muU-shapedsupportboomswere installedabout
2 feet aparton the top of the fuselageof a transportairplane(fig.2(a)).

.. —— -—.. —. —--- -—— — -- ——--- — -— —-—— — — —— --- . .. .. —.



4 NACA TN 3159

One of theseboomswas aMned parald.elto the centerline of the fuselage “
sad clampedin place. The otherwas designedso that it couldbe rotated
psmllel to the XY-planethroughan angularrangeof *45° from the fuselage ,,
centerline. The testpitot-statictubewas mountedon the rotaryboom,
and a similarpitot-statictubewhichwas used as a static-pressureref-
erenceend for the measurementof impactpressure,was ~talled on the
ftiedboom. The rotaryboom was designedso that the static-pressure
orificesof the test tubewere on the -S of rotationand, thus,would
remainat the samepoint in the &stream for all angularsettingsof
the boom. The boom for the referencettiewas made the same as the rotary
boom in orderthat the blockingeffectsof the two supportswouldbe the
ssme end a more sensitivedifferential-pressurerecordercouldbe used.
On the insideof the fuselage,the rotary.boom was equippedwith an sngu-
lsr scaleand a means for manuallysettingthe boom to sny desiredangle
withina rangeof %5°.

For the testsof t@es A and B at snglesof attack,the test and
referencetribeswere mountedon the boomswith the verticalaxis of the
tubesperallelto the Y-axisof the airplane. The testswere conducted
in levelflightat Mach nwibersof 0.20,0.22,and 0.24 and at an altitude
of about5,000feet. At eachof these speeds,the test-tubesettingwas
variedby 50 incrementsthroughan angularrangeof -15°to 45°. For
each settingof the boom,the differencebetweenthe staticpressure
registeredby the test tube and that registeredby the referencetube
was measuredby a standardNACA differential-pressurerecorderhavinga
rsngeof 3 inchesof water and a highlyprobableprecisionof *0.008inch
of water. At the sametime,measurementsof the impactand snibientpres-
sureswere obtainedfrom the total and staticpressuresregisteredby
the referencetube.

On succeedingflights,testswere conductedto determinethe air-
flow directionat the two tube locations. The directionof the airflow
aheadof the two boomswas investigatedby installingair-flow-direction
vanes in the regionoccupiedby the two tubes (fig.2(b)). The results
of the testsof flow alinementb the XY-planeof the airplaneshowed
that the air-flowdirectionat the two stationswas very nearlyparallel
and within@ of the centerLine of the fuselage. Testsin the XZ-plane
showedthe flow to be alinedwith the longitudinalaxis of the tube to
within1°.

,,

Follo@ng the atr-flow-d3rectiontests,tubeB was testedat angles
of sidesl.ipby mountingthe test and referencetubeswith the vertical
axis of the tubesparallelto the Z-axisof the ~lene. On subsequent
flights,tubeB was calibratedat anglesof attackwith the static-
pressureorificesmodifiedas shownin figurel(b).

.— .-— —..
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Testsof Tube C-3 at Mach NunibersErom O.30 to 0.68

5

r.

Afterthe completionof the testson the transportairplsne,a
rotaryboom was instaK1.edbelowthe nose sectionof a fighterairplane
(fig.3) for testsof tubeB-3 at higherspeeds. TribeB-3, however,was
damagedafterits removalfromthe transportdrgilsne,so anothertube,
designatedC-3 whichhad the sameorificesizeand arrangementwas used
for the rest of the tests.

The tubewas installedon the rotaryboom so that the verticalaxis
of the tubewas alinedwith the Y-axisof the airplane. As in the tests
on the transportairplane,the boom was builtto allowthe orificesto
remainat the ssme locationin the air streemas the boom rotated. Rota-
tionwas accomplishedby a motor and gear system-which,when actuated,
causedthe boom to oscillatecontinuouslythroughan angularrangeof -20°
to 45° at a rate of about4° per second. Errorsdue to pressurelag
deternrhedbystoppingthe boom at variousanglesof attackand comparing
the pressuremeasurementswith thoseobtainedwhen the boom was rotating
were foundto be negligible. The angularpositionof the boom was meas-
uredby a mechanical-optical-typepositionrecorderconnectedto the
upperend of the boom shaft.

The.variationof static-pressureerrorwith angleof attackof the
test tubewas determinedby measuringthe differencebetweenthe pres-
sureregisteredby the test ttie and thatregisteredby a pitot-static
tubemouutedaheadof the fuselagenose (fig.3). The differential-
pressurerecorderfor thesetestshad a rangeof 10 inchesof waterand
a highlyprobableprecisionof M.025 inchof water. The fuselagenose
boom alsoprovidedmeasurementsof impactand ambientpressures.

Priorto the testingof tube C-3, the directionof the air flow
in the vicinityof the test tubewas determinedby insta~ng a vane-
type flow-anglerecorderon the rotsryboom fixedat zeroangle. The
vanewas orientedto measureflow directionin a verticalplane,and “
the angleof flowwas determinedat variousspeedsthroughoutthe speed
range. As a resultof this calibration,the rotaryboom was adjusted .
so that the test ttiewouldbe alinedwith the airstresmat an indicated
airspeedof 25) mph. Most of the testswere conductedat constantindic-
ated airspeedof 250 mph in orderthat the angleof atta& of the atr-
plane (andhencethe sideslipof the test tube)wouldbe constant;a
valueof 250 mph was chosensince,at this speed,the Mach numbercoulld
be variedover the widestrangewithinthe altitudecapabilitiesof the
airplane. When the boomwaa alinedwith the airstreamat 250 mph, the
calibrationindicatedthat for testsat a few otherindicatedspeeds,
whichwere includedin the fivestigation,the variationin air-flowddrec-
tionwouldbe no greaterthan+2°. Duringthe testsof tube C-3, devia-
tionsin angleof sideslipof the airplane(withresultingerrorsin
angleof attackof the tube)were measuredby meansof a flow-direction
vane on the fuselsgenose boom.

. ...—-— —- . . . .——— —--- —.— ...———— — —
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.

Prelimiwry testsof ttie C-3 were conductedat indicatedairspeeds
of from 215 to 275 mph ~d at altitudesrangingfrom 1,000to 35,000feet,
with correspondingvariationstillachnuniberof fromO.x to 0.68. Addi-
tionaltestswere conductedat M= 0.39,0.50,andO.57 at low altitudes
h orderto obtaindata at higherReynoldsnunibers.

The resultsof the

RESUIXLSAND DISCUSSION

flighttestsof the servicepitot-statictubes
with the originaland modifiedorificearrangementsa?e presentedin
figures4to 8. The static-pressureerrorsare presentedas fractions
of the impactpressure ~ and are plottedas a functionof the angle
of attack u or angleof sideslip ~ of the tube. The static-pressure
error, 4, was obtainedfmmnthe followingrelation:

4=Pt
( )(

‘P= Pt-Pra- Pt-PrGW+0”w5~
)

where (Pt - pr)a is the static-pressuredifferencewith the test tube

(
at anglesof attack; pt - pr

)
is the static-pressuredifference

do
with the test tribeat u= OO; and 0.005~ is the errorof the test tube
at a= 0°, as obtainedfrom a wind-tunnelcalibrationof the tube over
aMachnwiber rangeof O.lto 0.9. Similarly,the impactpressureat
the locationof the test tubewas derivedfromthe equation:

(H- p! ~oo
%2=

) =(H-J&). ( & - Pr)G@ + o“~5%2
0.995

= (H- ‘Loo+ 0“m5%
where H - ~ is the impactpressuremeasuredby the referencelnibe.

InitialCalibrationsat Mach NmibersI%om 0.20to 0.24

TubesA and B.- The variationof static-pressureerrorwith angle
of attackof tubesA and B is shownin figures4 and 5. Bach petit shown
on thesecurvesis the averageof two readingstakena few minutesapart
duringthe sametest. For this seriesof teststhe precisionof the
data at a e 25° was about*O.05percentof ~; at u = ~o to 450

the precisionwas of the orderof *O.4 percentof ~.

,,

,,

“

.,

. .—-— --- —. ..—. — .-. .
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The Militaryspecification(ref.5) to whichthesetubeswere built
specifiesthat,for indicatedairspeedsup to 250 mph, the static-pressure
errorat auglesof attackbetween-10° aud 16° shalldifferfromthe error
at zero angleby no more thau 0.15 inchof water. For the indicated
speedscoveredby the presenttests,thispressuredifferencecorresponds s
to a static-pressureerrorbetween1.2 and 1.8 percentof ~. Figures4
and 5 sliowthatboth of the ttiesmeet thisMilitaryspecificationand
that,withinthe specifiedangle-of-attackrange,the effectof the dif-
ferencein orificesize is smalL. At anglesof attackabove16°,how-
ever,the calibrationsdifferappreciably;thus,it is indicatedthat
differencesin orificediameteras smallas 0.004inchhave a pronounced
effecton the sensitivityof this type of tfie at the highersngles.

The calibrationoftubeB at anglesof sideslipis giveniu figure6.
Becauseof the uusymmetricorificesrrsngement,thereis, as e~ected, a
wide differencein the sensitivityof the taibeto auglesof attackand
Sideslip. At anglesof attack,for exsmple,the static-pressureerror
remainswithin1 percentof ~ tiom -15°to 180,whereas,at anglesof

sideslip,the erroris within1 percentover a rangeof only about~50m

Modifiedorificearrsngementsof tubeB.- For the initialmodifica-
tion to ttieB (designatedB-l), one orifice,0.047tibh in dismeter,
was addedto the bottomof the tube alongits centerline snd to the
rear of the planeof the originalorifice(fig.l(b))”.As shownin fig-
ure 7(a),the static-pressureerrorat positiveanglesof attackwaa

reducedto a maximumof about l~percent of qc for anglesof attackup

A-to45°. ~ an attemptto reducethe errorat positiveanglesstillfur-
ther,the orificealongthe bottomcenterlinewas enlargedto a dismeter
of 0.052inch (tubeB-2). The calibrationof this orificearrangement
(fig.7(b)~showedthat the errorwas reducedat anglesof attackbetween
20° and 40 but was ticreasedslightlyat anglesof attackin the region
of 15°. From an examinationof the trendsof the calibrationsof ttiesB,
B-1, and B-2, it appearedthat any additionalenlargementof the orifice
alongthe bottomcenterlinewouldresultin a stillgreaterincreasein
the errorat a = 15° end, quiteprobably,in the victiityof 40°.
Additionalorificeareawas thereforeprovidedby enlergingthe two ori-
ficesat the 30° radialpositionto a diameterof 0.052inch (tubeB-3).
A calibrationof this arrangement(fig.7(c))showedthe errorto be
reducedat a = 15° and to remainwithin1 percentup to a = 40°.
This arrangementis, therefore,the best of thosetestedin thisMach
numberrange.

,

tube

FinalOrificeConfiguration

Calibrationat Mach nunibersfrom O.30 to 0.68.-Calibrationsof
C-3 at Mach numbersfromO.30 to 0.68 and at Reynoldsnumbers
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from 1.1 x 105 to 2.4x 105 sre givenin figure8. Each of the test
pointsshownon the curvesrepresentsthe averageof twu readingstaken
from clifferentcyclesof the boom traverse,with the tribeapproachinga
givenanglefromclifferentdirections.The precisionof the data for
this seriesof testswas *O.05percentof ~ for a below ~“ and

*O.4 percentof ~ for u aboveX“. Comparisonof the calibrations
showsthatbetween a = -I-O”and 30° the variationof static-pressure
errorwith angleof attackis relativelysmalland the magnitudeof the
errorsis lessthan about3.5 percentof ~. For a > 30°, however,
the variationof static-pressureerrorwith angleof attackbecsmeerratic
in addition,the magnitudeof the errorsincreasedrapidlyaud reached
valuesas high as 15 percentof ~ at a = 450. The erraticbehavior

of the pressureregisteredby the test laibeat anglesof attackabove
30° co~isted of oscmtio~ tith an ~LMmde of *O .25 percent of ~.
As the angleof attackincreased,the amplitudeof the oscillations
steadilyincreasedto abut *1 percentof ~ at a = 45°● w most of

the teststherewas superimposedon theseoscillationsa pressurediscon-
tinuityaccompaniedby fluctuationswhichhad amplitudesas largeas the
discontinuity.The magnitudeof the pressurediscontinuitiesand the
_-of-attm rqe overwhichthe large-amplitudefluctuationsper-
sisted=e shownon the calibrationsas a hatchedarea. Becauseof the
_tude of the errorsand the erraticpressurefl.actuationsin this
angle-of-attackrange,the usefulnessof the tube is limitedto angles
of attackbelow30°.

Effectof Mach aud Reynolib nuniberson static-pressureerrors.-In
orderto showthe mannerti whichthe static-pressureerrorat the highe&
anglesof attackvarieswithMach ntier aud Reyno3dsnuniber,the err&?s
at a= 0 havebeen replottedas a functionof Mach150, 20°,25°, h ~
and Reynoldsnunibersin figure9. ~ data shownin this figurewere
obtainedwith tubesB-3 and C-3 and were derivedfrom figures7(c) and 8
and fromothertests conductedduringthe investigation.Figure9 shows
that the errorat a givenangleof attackincreaseswithboth Mach end
Reynoldsnrmibersand that for the Reynoldsnumberrangeat whichmost

of the datawere obtdned (O.9x 105 to 1.4 x 105),the increasein error
is generallyof the orderof 1 to 2 percentof ~ for the Mach nuniber

rangetivestigated.On the basisof the resultsof the testsof tubesB-3

and C-3, it is concludedthat for ReynoldsnumbersbetweenO.9 x 105

and 1.4 x 105, and for Mach numbersbetween0.20 s& 0.68,the static-
pressureerrorfor a tubewith this orificearrangementwill remainwithin
2 percentof ~ over an angle-of-attackrangeof -10°to X“.

.— — .- . —-——. -— . -.
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CONCLUSIONS

9

A flightinvestigationwas made to determinethe effectof ticlina-
tion of the airstreemon the staticpressuremeasuredby two essentially
similsrservicepitot-statictubesand by one of thesetubeswith three
modifiedorificearrangements.The ori@nal orificeconfigurationcon-
sistedof four orificeson the top of’thethe within-o of the vertical
axis end six on the bottomwithin+~” of the verticalaxis. The best
of the modifiedortiicearrangementsinvolvedthe tition of one orifice
to the bottomof the tube alongits centerW and the enlargementof
the two outermostorificeson the bottom. ~ foil.o~ conclwions ‘
applyto thismodifiedorificearrangement:

1. For Mach numbersbetween0.20 end 0.68 and for Reynoldsnunibers

between0.9 x 105 and 1.4x 105 (whereReynoldsnmber is based on the
localfree-streamvelocityend the diameterof the lnibe),the static-
pressureerrorwill remainwithin2 percentof the impactpressure ~

over an sngle-of-attackrsngeof -10°to no.

2. At anglesof attackbetween~“ and45°, the static-pressure
errorimcreasesrapidly,and reachesvaluesas high as 15 percentof qc

at an angleof attackof 45°. Becauseof the magnitudeof the errors
end the factthat the staticpressureregisteredby the laibeincreases
abruptlyaud erraticallyat someangleof attackwithinthis range,the
usefulnessof the lnibeis Ilmitedto anglesof attackbelow ~“.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteefor Aeronautics,

LangleyField,Vs., October20, 1953.

—— . . .. —— -.. .— .._ ——— —.. —._. ._
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8eotlca A-A

(a) Side view and orifice arrangement of service pitot-static tubes.
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0.047’ o.052m 0.052H

B-1 B-2 B-3and O-3

Bottom viewe (orifioa on top eeme a e ror orl@nnl errengemmt)

(b) Modified orifice arremgementw of tubes B end C.

~igure1.- Disgrsmof servicepitot-stakictubesshowingoriginaland
&fled orificesxrsagemsnts.
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Figure4.- Variatim of static-pressureerrorof tube A with angleof
attack.
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Figure5.- Variationof static-pressureerrorof tubeB with angleof
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